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StraiiAEY 



In the past It has been oustoaary to analysse fihell^ 
supported frames on the basic of the assumption that frame 
"bending distortion does not affect the character of the 
shear resistance in the skin* Shi$ assumption has 'b^eu 
found to "be considerably in error for a nrajority oS prac-* 
tical cases, . ; - 

In order to obtain results more nearly representing 
the actual case, it is essential that the deformation of 
the frane and the deformation of the shell be oonsistent 
vith each other ^ While this principle of "consistent 
deformations'* is already well known and appreciated, its 
application to- fuselage frame analysis and similar prob- 
lems has not been extensively developed* 

This paper deals with the single problem of circular 
shell— support ed frames subjected to concentrated loadings. 
A mathematical attack is developed and presented in the 
fora of nondimens ional— coefficient curves • Ihese curves,^ 
while they are developed for circular frames only, may, 
by mec,ns of approximations, be used for nearly any prac- 
tical frame which has curvature in the region of' applied 
loadings - - 



HTEaODUOaiOH 



Tfhen shell-^suppor ted rings are externally loaded, 
the applied loading is resisted primarily by a eyetem of 
shearing forces within the shell. 

She and T/2A shear-flow distribution^ which"" 

has been used freq,uently in past analyses, iia consitetent 
with tao assumption that the ring being loaded is rigid* 
For amall-rdiameter shells with sturdy rings, this distri- 
bution has proved reasonably satisfactory for design 
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purpo8os» .HovdTer^ as the else of airplanes increases » 
the riags becone relatival? more flexible so that the 
assumption of infinite ring stiffness may sometimes 
introduce errors of several hundred percent in ring 
design^ (Eherefore, the necessity for a more accurate 
analysis "becomes apparent* Such an analysis must con- 
sider the finite stiffness of the ring* 

B-ecause of the added complexity involved in evaluating 
the effect of finite ring stiffness, it is desirable to 
present the results in the form of coefficient curves cal- 
culated for typical cases* Then the lending moment » axial 
load and transverse shear in a ring^ and the corresponding 
shear flow acting on the ring from the supporting shell 
may he readily obtained from these curves by proper inter- 
polation and superposition* 

Shis report is but the start of the contemplated ring 
study and covers only the case of a complete circular frame 
subjected to a system of coplanar loadings* 0!he method 
willy in later report^^ be extended to more general appll--* 
cations vhich include the following problems: 

(l) Analysis of wing-*f uselage intersection including 
design data for the main frames^ deflection of the main 
f rames » skin shear flows » and modification of axial stresses 
(in the vicinity of the main frames) as a result of ring 
flexibility 

^'^'1 r-r.T-lrs is of fuselage cut*-outs including design 
..«^a did def le.j?it ions for the end frames, skin shear flows » 
and stringer axial stress modification 

(S) Mutual influence of adjacent frames 

(4) Analysis of rings involving floor support problems 

A-»- "ysis of rings indirectly attached to skin 

8YKB0LS 



a internal axial load acting on ring crops 
pounds 

arbitrary constant of integration 
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final internal load coefficients, where 
first subscjript designates type of 
internal load or shear flow (m for 
moment » s for shear » a for azial 
load, and q for shear flow) 
second subscript designates type of 
external applied loading (m for 
moment, r for radial load, t for 
tangential load) 



r e Ic t ir e— s t iff ne s s par a me t er 
tH^' 



to 



approximately eq.ual 



dl* element of skin shear force 



Ax, Ay, A<|i' 
AT, AE, A* 
5x, 6y, 84> 



horizontal, vertical, and angular displace- 
ments, respectively, for eiitire ring 
(without distortion) 

final deflection components of any point on 
distorted ring, tangential, radial, and 
r otat ional , respectively 

final relative displacements 'between faces 
of "cut" 



Young^s modulus of elasticity for ring, pounds per 
square inch 

modul*as of shear rigidity of skin, pounds per square 
inch 



internal continuity axial force at out, pounds 

I moment of inertia of ring cross section, inches* 

K skin resisting force per unit tangential deflection, 
pounds per inch 

If distance along shell to a section which is not 
distorted from a circle 
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a designates posi- 
tion of teria in 
general expres— 

prime designajbee 
ant is^mnetry 



Kjjjjj, Erijj.^ final moment constants 

^q,n^ ^an^ final shear— flow constants 

^snt ^sn' filial shear constants 

^an» ^^-an' final axial— load constants^ 

m internal "bending moment actiag on ring^ inch— pounds 

H aj^oplied moment acting in plane of frame inch— poi^nds 

internal^ continuity moment at cut « inch— pounds 

applied radial loa€ acting in plane of frame, p^ounds 

♦ 

appiVied tangential load acting in plane of f rame i 
pounds 

Pj^ internal continuity shearing force at cut, pounds 

q.^ induced shear flow "1 expressed in pounds per 

r — ^'-TL (q. as used in 



"\ express 
I . - radia 
S final 



conventional shear flow > final curves is divided 

hy radius to giv^ 
q. resultant shear flow ^ 

R radius of ring» inches 

S transverse ^heam shear in fuselage 

8 internal shearing load acting on ring cross section, 

pounds 

*e average effective skin thickness supporting ring 

tji effective skin thickness forward of frame 

t^ effective skin thickness aft of fsfame 

p* ra,tio of E of frame to G of skin 

relative ^shapo" stiffness of shell forward of rin§ 
relative "shape" st?iffness of shell aft of ring 
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P, Y damping parameters 

cr fr6q.uenc7 parameter 

a =5 + 0^ + 1 

Trariatle angle while S remains constant 

9 r,ugular displacenent from cut (may "be used alone 

or as subscript) 

±<> integration limits (=tTr for complete circle) 



DISOaSPAlTOIES BSTWSSif IPHEORT AKD IBS IS 



A few ring tests on the Constellation fuselage test 
section have 'been conducted Isy Lockheed Aircraft Corporation 
0"bservat ions "based on these tests (unpuhlished) include the 
follovringt - - 

(1) The maximum moments, actually measured, ranged 
from 5 percent to 50 percent of values obtained hy 
assuming infinite ring stiffness* 

(2) The moment pattern for each test indicated that 
the load affected the ring only locally instead of entirely 
around the fuselage* 

(3) ffor radial loading the maximum axial load was at 
the .location of the radial load instead of 45^ away, as 
indicated hy assuming a very stiff ring^ Ihe maximum 
axial loadf as measured, exceeded the calculated values 
hy approximately four times* 

(4) Tor tangential loading the axial— load curve 
reaches the same maximum as the calculated curve hut 
dies away more rapidly, 

She Boeing Aircraft Company has also made some ring 
tests on the XB— 29 fuselage test section. Two eq.ual 
vertical loads were applied, each at from top center* 

3fhe ring stresses, as measured, corresponded in nature to 
the Constellation ring tests« The following comparison 
with conventional analysis was taken directly from the 
Boeing report (unpuhlished) : 
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It may "be seen that the maximum measured stress • • * 
is only 20*3 perceiat of the correspoading theoretical 
stress, with even greater variation at other points 
on the frame. Hence this method of analysis is an 
.extremely conservative one» 

As a result of these tests, it is evident that' the 
assumption of infinite ring stiffness leads to excessive 
conservatism for any airplane with rings that are similar 
to those of the Z(Ockheed Constellation or Boeing' XB«*«29» 



Preliminary Discussion 



In the general ring analyses that have 'been developed 
(reference l)« it has 'been custoiaary to assume that the 
resisting skin shear flow follows simple VQ,/ 1 and 2/2A 
distriljut ion» As long as th^ ring remains perfectly rigid, 
this assumption is reasonably close to the actual conditions* 
However, in the case of rings of large diameter used in air- 
craft structures, the assumption of perfect rigidity is 
often far from the truths 

In the actual caee» the ring will always e;itperience 
some distortion as a consequence of "being loaded, tfhis 
distortion will induce shearing forces in the skin which 
tend to oppose the ring deflections and, therefore, effec- 
tively change the manner in which the applied forces are 
resisted "by the skin* Pigure 1 shows the deflected poei-^ 
tions of a rigid ring and a flexible ring* Hote that the 
difference in tangential deflection in the two cases would 
induce additional f o.rces in the skin which oppose the 
deflections of the flexible ring* A very light ring would 
tend to deflect until the external moments causing the 
deflections were neutralized "by the sum of the resisting 
moments in the ring and the resisting moments due to the 
deflect ion— induced skin shear flow# How, if the resist- 
ance of the skin to deflection is increased, say hy 
doubling the skin thickness, and the ring is loaded as 
before, then the skin will resist the deflections of the 
ring more strongly and will provide a greater proportion 
of the resisting moment than before* 

Hoxf ever I since it is chiefly the moment in the ring 
that determines the deflection of the ring, the distribution 
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of the shear flow in the skin has "been altered by changing 
the relative stiffness of the skin and ring* It is then 
apparent that, in the actual case, the distr ihut ion of the 
skin shear flow depends .upon the relative stiffnesses of 
the skin and ring» Xt is now possil^le to consider the 
skin shear flow as consisting of two parts* the V<4/l 
and T/SA dlstrihution upon which is superimposed the 
induced shear flow. 

5?he VQ/I and T/2k distribution may he realized 
hy assuming the shear flow to he pr opor t ional ' t o the 
tangential deflection of the skin with respect to a 
reference ring which Is assumed to he rigidly fixed in 
space* If a horizontal and vertical force and a moment 
are a:.'^pliqd to the ring, they will produce a horiaontal 
displacement Ax, a vertical displacement Ay, and a 
rotation A<t>', respectively, of the ring as a unit* 
Ihe shear flow at any point is then given hy ' ' ~ 



where K is the rf.tio of tangential shear force per radian 
to .tangential deflection, 

She induced shear flow is proportional to the relative 
tangential deflection of a point due to the hending moment 
in the ring*. 



The resultant shear flow acting on the ring is then 
givon hy 



- K(Ax cos 6 + Ay sin 6 + A<{>») 



m 



dT 
d6 




(1) 



Che moments produced in the ring hy this load system 
may now he determined* 
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Dovelopaieat of Q-eaeral Differential EcLuation 

S'igure 2 showG a portion of a fuaelage ring that ha» 
"been cut at point X and the forces req.uired to produce 
oontinuiiy hare been applied at the cut* An element of 
skin shear force acting on- the ring is represented "by SJP^ 
The "bending moment at any point fi in the ring will then 
be given by 

m « Kj^ 4- H^R(l cos e) - P^R sin S 

3 



- a ^ - cos (B - j 



(2) 



o 

Bxpanding cos (6 — ^) and differentiating m with 
respect to 8 yields 



|H = Hfi.H sin e - PaH cos 6 + R^fCcos^e + sin^e) - R^J 

de . ^ ds de 

3 



-* a sin 6 



doe dP + H cos 6 sin >Jt- dff (s) 



0 ^0 

31lf f ereat iating again with respect to 6 yields 

e 

« Hj^R cos e + P^a sin e - a cos e / cos dl 



d^m 



d8» 

6 



^ cos 



- a sin 9 P sin dJ (4) 



Eh& third derivative yields 
« ^ Hj^R sin e + P^a cos 8 -a(cos^ + sin^e)^ 

e 

+ a sin 8 / eos dP - a cos 6 / sin ^ dP 



eos dP — a cos 6 ^ sin ^ 
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If the sijallarity "between alternate derivatives is 
noted, it may "be seen that adding the first and third 
der ivc-t ives yields 

1^ ^ . (5) 

de dfiS 48 

Since m is the moment at any point in the ring, the 
tangential deflection at D (fig. 2; due to a moment at 
0 acting over an elementary length- of the ring R dQ 
will he given T>y ' 

iCAI) « =2^-|i-l (6) 
Jroa figure 2 it is evideat that 
'T> = R CL ^ COB (e - -vl;)] 

By eulistituting for T) and integrating, aq.uatioa (s) 
becomes 

a ^ |f r mp- - cos (6 - \i/);id8 

Su'bstitut ing for iill? in equation (l) yields 

^ s K A*' + K Ay sin 9 + K iix cos 6 
6 



- mCl - COB (9 - ^)2^9 



(7) 



o 

Hoting the similarity between e<luations (2) and (7), 
it is evident "by comparison that 
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■ ^ + ^ . ^ S^-m (9) 
d9 BI 

Adding the first aad third derivatives of equation 
(5) gives 

Su'bst itut ing 6q.uation Cs) in eq^uation (10) gives 

+ 2^ ^ ^ - — m » 0 (11) 
d8^ de'* d6^ IS I 



Uauatlon (ll) is the differential eq.Tiation defining 
the moment distrr i'but ion in a skin— support ed ring subjected 
to any loading. It is interesting to note that the dis— 
trilDution depends only upCn tny value of KR^/ffiJ, herein- 
after called the "relatives-stiffness parameter d," "because 
£ is a factor denoting the stiffness of the skin and El/E 
is a factor denoting the stiffness of the ring* 

!I?he general solution (see aj^pendix) of ecLuation (ll) 
yields 

m =s O^B^^ O^e"^*^® + °3«^® c6 + O^e^^® cos cr6 

+ Cge^^ sin c6 + O^e"*^® sin trO (12) 

vhere the values of Y, P, and cr are as plotted in 
figure 3 for different values of KR^/SI. Inasmuch as 
there are six independent constants in equation (12), 
siz Independent condxtional eq.uationQ are needed for a 
complete solution^ These are the three eq.ua'uions of 
ecLuilior ium and the three eqtuations of continuity. 

Considering only symmetrical or antisymmetr ical 
loadings reduces the number of independent constants to 
three,tand the general solution reduces to 
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a a K_,, oo&h V6 + eoah pS oos crS 

fltl iu8 



+ ^213 sinh pe sin (79 (is) 



for symiaetrical loading and to 



m» = » slnh Ve + * sinh ^9 cos 06 



4- ^ms * cosh pe sin a6 (14) 

for antisym-metr ical loadingf 

Ehe expressions for the shearing force, axial force, 
and skin shear flow at any point 6 may "be shown to T>e 
given T3y (see appendix) 



where ni is given by equation (13) or (14), 

She components of absolute deflection (that is, with 

respect to "fixed structure") may be shown to be given by 
(see appendix) 

— !^ (if - ~f) (^8) 

AS = JL f^ls + ^\ . (19) 
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Sxamination of eq,uations (13) and (14) and their 
derivr.tives reveals that the derivatires of m are 
alternately symmetric and antisymmetric and the alter- 
nate derivatives differ only in the numerical value of 
the three coefficients* Inasmuch as all the preceding 
quantities are j^r opor t ional to derivatives of n or 
sums of even or odd derivatives of m, they will also 
differ from the similar q^tiantiti^s only in the numerical 
value of the three coef f icients • Therefore, the inter-* 
relation hetveen these coefficients may "be conveniently 
shovrn in tahular form* (See ta'ble .1^) 

She si:c conditional equations may 'be represented as 

\ « 0 (31a) 



■ 1^ 



A<t> a 0 (21b) 
Ax » 0 (21c) 



« 0 C21d) 



H « 0 (31e) 
Ay St 0 (21f ) 



IDhe first three conditions are automatically satisfied 
"by conditions of ant isymmetr ical loading and tho last three 
are satisfied for symmetrical loadings i-Ler t-.^ o^e i for sym- 
metrical loading, equations (21a) to (21c) "become 



q. sin € dd « P,. (32a) 

f 2| de «■ 5<j> (22Tj) 
•J EI 



-—-.(cos & ^ COS 0) dS =?S:c (22c) 
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where 

q, a slnh Yd + E^q 8lnh oos crO Kg^, oosh 08 8i& cr9 

a a eosh VQ + K^^ oosh gfi cos ce + K . sinh gfi sin a0 

SIX VX6 ai3 

S'or ant isymmetr leal loading, eq.uatlons C21d) to (Slf) 



<t> 



I qt COS 0 dS « (32d) 
^0 



/ - cos <t> cos 6)E de « K (22© ) 

/ ^ Sin e d0 « 6y C22f ) 



where 



<l . ^ cosh Ve+ cosh Pe COS Of8 + K_,^» sinh Ye sin aB 

m = Kjj^^* sinh V8 + K^ia * sinh p6 cos 0*6 + K^^^* cosh P0 sin a6 



All integrals to evaluated for equation (22) 
come under one of the seven general types given in gen- 
eral form in the appendix* Ihe numerical -^-val-iat ion of 
these integraltj is accomplished on computation form Zm 
(See appendix.) * ■ - ^ . 



She coefficients, evaluated in accordance vith compu- 
tation form 5t d.re used as shown in the following tahle: 





Badial loaA 


Tangential load 


Moneut load 


Bending 
moment 


^ = Vr^ 






Shearing 

force 








Axial 
force 


^"^'a^r 


^"^at^ 
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Shear 
flow 




_ Pt 


q s C iL 
(lb/in,) 


laogential 
iefl action 
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AH - : ^'^l 0 
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rotation 
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DlSOTJSSIOIT 03P PHYSIOAL OOHOEPTS 
Effect of aiag fflexlT^ility on Shear-Jlovr Pattern 



Che shape of the shear-^flovr pattern, for a given 
external load applied to the ring, depends entirely upon 
the stiffness of the ring relative to the shell* This 
statement has "been suhs tant iated mathematically in this 
report. However, in order to establish nonmathemat ical 
concepts of the general phenomena involved, the folloving 
paragraphs will he devoted to a study of the effects 
encountered with each loading case* 

Before the character of the shear— flow pattern may he 
determined, it is first necessary to realize fully that the 
shear—flow intensity is proportional to the tangential de- 
flection imposed on the skin "by the loaded ring, Shis 
statement is apparent since shear force in the plane of the 
skin is certainly necessary to produce tangential deflection 
of the skin, and the magnitude Qf this ehear force is pro- 
portional to the deflection which causes it, Vfith this fact 
clearly in mindt oonsider a shell section loaded radially 
as shown In figure 4* 

Plrst, assume that the ring is very stiff and remains 
circular throughout the loading process, TJnder these con--- 
ditions, it is evident that the ring will undergo a pure 
translation displacement In the direction of the load P^* 

This translation will impose the maximum tangential deflec- 
tion on the skin at points 90^ away from the loading Pj.» 

In other words* the skin shear— flow pattern assumes the 
VQ,/ 1 (or sine) wave form as illustrated in figure. 5* 

ITow, if the ring distorts, as shown in figure 4, the 
point of maximum tangential deflection is no longer 90^ 
away from the loading. Instead, it moves to the region 
indicated in figure 4, ^vlb primarily to the tangential 
deflection induced in this region hy straightening the 
top portion of the ring. (The ring axial loads do not 
ordinarily cause sufficient axial deformation to affect 
appreciably the general problem,) Therefore, when the 
ring is somewhat flexible, as it is for most practical 
cases, the shear— flow pattern takes a form similar to 
that shown in figure 6, The extent to which the shear 
flow la localized in this manner depends entirely upon 
the stiffness of the ring relative to the stiffness of 
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the shell* However , this shear flow is inconsistent in 
one respect* If the ring is flexil^le, as it must "be for 
this type of shear flow, the points T) (f ig* 6) on the 
ring will deflect downward excessively due to the relative 
''opening" action of the shear flow actijig against Pj, • 
therefore, the shear— flow patternj indicated in figure 6, 
must he modified so as to incorporate secondary waves (as 
shown in fig. 7), which restrain this doaJ^nward deflecting 
tendency* 

In summarizing the case of a radially loaded ring, it 
may ^be stated that when the ring is infinitely stiff the 
shear— flow pattern follows a TQ,/ 1 wave (fig* 5) hut, as 
the ring heoomes finitely flexible, the shear flow gradu- 
ally changes from a sine wave to a pattern similar to that 
shown in figure 7. 

17oxf consider the study' of a fuselage ring loaded with 
a single tangential load^ 

If the ring is extremely stiff, the shear— flow pattern 
resisting the tangential lead is as shown in figure 8* tChis 
pattern may he ohtaiued hy applying the customary Tft/ 1 and 
5f/2A distrihution* ITote that the chief function of tha 
secondary wave is to offset the moment . induoed "by the primary 
wave about point A* 

If the* ring is not extremely stiff, the shear— flow 
pattern cannot form as shown in figure 8,-since the ring is 
not capable of distributing the loading entirely around 
the section* Instead, it distorts under the loading ?^ 

and tends to localize the shear flow* therefore, the 
shear flow assumes- a pattern similar to that shown in 
figure 9. 

Since the primary wave for a flexible ring, as shown 
in figure 9, produces less moment about point A than it 
does for a rigid ring (fig* 8), the secondary waves become 
less significant as the ring becomes more flexible* 

?or the last type loading, consider a single applied 
concentrated moment^ 

If the ring is infinitely rigid, the resisting shear 
flow, for moment loading, is a constant of T/2A entirely 
around the section. 
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T-riien the ring is not extremely stiff, the shear— flow 
pattern cannot remain constant since the ring is iiot capa^ble 
of distr i"biiting the loading entirely around the section. 
Instead, it distorts, under the moment loading, and tends 
to localize the shear flow, as shown in figure 10 where the 
3?riEir,ry waves resist the applied moment and the secondary 
v/are compensates for the horizontal components induced "by 
the primary waves. It is ohserved that the intensity of 
the secondary shear flow "becomes q,uite severe for very 
flexi^ble rings and entirely disappears when the ring "becomes 
infinitely stiff. 



Relative— St if fness Parameter 

On the preceding pages , the shear— flow patterns 
©"btained with various relative ring stiffnesses have iDeen 
described in some detail. However, the exact parameter 
which measures relative stiffnesses has not l}een mentioned. 
It is natural product of the mathematical analysis. 
Hcwever , the terms included in it are reasona'bly self- 
explanatory when considered from a deflection standpoint. 
This p0.r^.i.aenter , which defines the shear— flow dis fcr iljut i on 
in ever^'- case, is given as . . ~ 

d = ^ 
EI 



where 



— factor which is proportional to tangential deflection 
^1 of ring 

E factor which, "by definition, is inversely proportional 
to tangential deflection of skin, pounds per inch 

This term KS^/SI is used throughout the mathematical 
derivation* However, its exact evaluation depends upon the 
accurate determination of K, for which further development 
supplemented "by tests, is clearly needed. Therefore, until 
a hotter means is made available , K may "be approximated 
as 
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where L is the dlBta^nce along the shell to a section 
which is not distorted from a circle* At this section 
a VO^/I shear— flow pattern may Tae considered to exist; 
R/L is assumed to "be never lees than unity (except for 
the case of adjacent rings similarly loaded)* This approx- 
imation for K seems justified for any large fuselage 
c ompi^.rah le with that of the Lockheed Constellation or 
Boeing Model XB— 29 since it gives good test agreement for 
those airplanes^ Shezii 1>y sulsst ituting in the expression 
f or d , 

d - 



where 

te average effective skin thickness supporting ring t J 

H radius of ring (suggest that E he meian radius hetweeu 
skin and ring neutral axis) 

I mean effective momezxt of inertia of ring cross section 
including effective skin 

^ ratio of S5 of ring to G- of skin 



t actual skin thickness 



APtLIOATtOH- or HBTH02> AHD USE OP OURVBS 

&eaeral*— She curves, as presented in figures 11 to 
43, are derived for the ideal case of a continuous cir- 
cular shell— supported frame of cor^stant SI with any 
system of applied loads in the plane of the frame • 

However » rings which vary considera"bly from the 
ideal case Jfiay he handled with reasonahle accuracy "by 
approximating ''eq.uivalent ideal conditions 

The coefficients for (l) "bending moment ^ (2) axial 
load, (3) shearing load, and (4) shear flow are plotted 
against angular location for various values of the 
relative^^st if f ness parameter dt Ibere is an independent 
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set of curves for each type of loading (radial » tangen- 
tial ^ moment f and rotation) and a separate plot for each 
coefficient* 

The value of the relative— stiff ness parameter may he 
determined from the relation d « tga^/jj*! as previously- 
discussed* 

The details for using the curves to find hending 
moments, axial loads, and so forth for a given single 
loading hecome evident by examination of the curves • 

Ihe results for any system of loadings may he 
obtained by breaking the system down into a series of 
individual radial* tangential » and moment components and 
superimposing the individual results* 

Shear flow ix^ sk a,n »- The shear flow as obtained from 
the curves is the total shear flow acting on the ring* 
This shear flow (see section entitled '^Preliminary 
Discussion?)" is composed of (l) a V<i/ 1 (or d » O) 
shear flow which provides equilibrium and (2) "induced" 
shear flow, not affecting equilibrium, induced by ring 
distortion* The 7(^/1 portion is resisted from the 
fore— and— aft sides of the ring in proportion to the 
total shear and torsion on each side» The so-^called 
induced portion of the shear flow acting on the ring 
is supplied by the skin from the fore— and— aft sides of 
the ring in proportion to the relative "shape" stiffness 
of the shell on each side^ The shape stiffness refers 
to the resistance of the adjacent shell structure to 
distortion from a circular shape* Zt depends upon the 
number of rings, ring spacing, ring stiffnesses, skin 
thickness, skin shearing modulus, and the distance from 
the loaded ring to a section in the shell which undergoes 
no distortion. It is hoped that further development and 
test data vfill provide a simple method for obtaining this 
shape— St if f ness factor fairly accurately, However, at 
present the following approximation* involving only the 
skin thicknesses and the distances to undistorted sections 
are suggested since it is felt that they are perhaps the 
most important factors for the usual case* The relative 
shape stiffness of the shell forward of the ring is assumed 
to be 



€ 




t« + t 



'A 



t - 
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and aft of the ring to iDe 
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where 
t j» 



effective skin Itblctcness forward of ring -i^ t 



effective ekin thickness aft of ring 



R 



(For significance of E/L, see discussion "under 
Relative— St If fness Parameter.) 

Oases 1, 2, and 5 are given as illustrations of the 
skin shear flow olx either side of the ring, 

Oase 1: G-eneral case of a loaded ring in any cylinder 



- - - J 




Forward 





f 







T 



View of forces 
acting on ring 



Shear 



The skin shear flow fore and aft of the loaded ring 
may "be given as 



' «A 



^Shear flow as^ 
©"btained f r om \ ^ 
curves* using 

^^actual d 



Shear flow, 
as obtained 
for d » 0 



-do— 



Sp / Shear flow 

1 as obtained 
^r \f or d = 0 

!^ \ ^ — do- 
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where th© f irat terms represent the shear flow induced "by 
ring distortion^ and the second terms represent the load- 
ing (or equilitr ium) shear flow. Positive skin shear flovr 
is considered to be aoting clockwise on the section ''ahead^ 
when viewed looking forward. 

Case 2t loaded ring in a cantilevered cylinder 

y 




She shear flow fore and aft of the loaded ring may 
be determined using the same expressions as for c^se Ir 
The only difference is that Sj is xero^ (See shear 
diagram* ) 

Case 3$ Loaded ring at the free end of a cantilevered 
cylinder 




forward 
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She shear flow in the skin aft of the ring is the 
sane as the shear flow acting on the ring. It is noted 
thaty if the general expressions from case 1 are applied, 
ey and Sj are "both zero and €^ is unity, so that qj^ 

T5e comes 



q^j^ =i? Shear floi^^ as ©"btained from curves using actual d . 

A.T)t>r oxim atiot^^ involv^dr v^fiP- t , R > oy I does not 

r e a a in pons t a n t w — When the curves are to he applied to an 
actual ring which is not associated with entirely constant 
values- of t» R, and I, approximate "effective'^ prop- 
erties may "be obtained which will give reasonable results • 
Iherofore, the following paragraphs are devoted to a dis— 
cx&ssion of these approximations* 

She relative importanoo of the skin thickness at any 
point is proportional to the intensity of the shear flow 
acting on the ^ring at that point* It is suggested, for 
the purpose of simplification, that the ekin thickness he 
considered only over approximately the first major yave 
of shear flow. A trial, using an assumed thickness, may 
he necessary in order to locate approximately the first 
major shear flow wave. Then the arvorage effective skin 
thickness may he obtained as follows: 

(1) Obtain the actual weighted average of skin thick- 
ness over approximately the first major wave of shear flow 
for both the fore— and— aft sides of the ring, 

(2) Note the distance L each way from the loaded 
ring to the section that cannot undergo any distorticn in 
sympathy with the loaded ring* Examples of siich points 
are points of fixed shell support and points of antisym- 
metry halfway between two separate rings which are loaded 
so as to cause opposite shell deflections. 

(3) If this distance L either way from the ring is 
less than the radius of the shell > the effective thickness 
on that side of the ring should bo increased by the ratio 
R/L. 

(4) Then t^ is the average of the effective thick- 
nesses on each side of the ring as found in accordance 
with steps (l) , (2), and (3)t 
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She ring radius B. and the moment of inertia I 
need "bo constant only from the loading point around 
through the regioa of appreciable "bending moment. If, in 
this region of appreciable bending moments, R and I 
vary slightly, satisfactory results may be obtained by 
using the average values of E and I* However, if R 
varies considerably, it is recommended that overlapping 
assumptions be applied* 

If I varies considerably, the following means for 
finding the approximate equivalent moment of inertia is 
suggested; 



the region of appreciable bending moment. This region of 
appreciable bending moment may be approximately located 
by using an estimated relative--st iff ness parameter d» 

The curves are set up for coefficients at definite 
angular positions. These positions are measured from the 
point of load application with respect to the center of 
the circle* ?or a case of varying curvature the approxi- 
mate point on the actual ring, for which the ooefficiente 
s.pply, may bo obtained by laying out around the ring a 

distance of Re-H-- inches , whore R is the assumed 

180 

eq.uivalent radius and S is the angle (in deg) from the 
loading to any point on the assumed equivalent circle ♦ 

The effective width of skin acting with the ring is 
not constant even though the structure is perfectly uni- 
form throughout the circumference. However, the final 
results are not very sensitive to the value of d, 
especially when d is largo* Therefore, the following 
effective— width assumptions are recommended: 

(l) Por determining the section properties needed i 
for d, use an effective width approximately equal to the 
depth of the ring 



SB ^6?^^th o f arc 




where the length of arc and 




is continued over only 



(2) I*or determining the section properties needed 
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for the margin of safety of the ring* base the effective 
width vipon the atreas condition (tension or compreasion 
in the skin) 

lurther development, supplemented by testa, ia clearly 
needed in order to predict accurately the effect of load- 
ing adjacent rings simultaneously^ In vievr of available 
data, tho following approximations are recommended: 

(1) Por the design of a ring where one adjacent ring 
of approximately the same flexural proportions is similarly 
loadedt'use 

d .« £ 

(2) For tho design of a ring whore at least both 
adjacent rin^s are loadod similarly, use - - 

It 

d « 3-*.^— 



7hD8o adjustments in d may be considerdd as adjust- 
ments in the ^valuo used in the expression t^ =» t . 

Ii L 

(See 'Section entitled ^Relative-Stiffness Parameter 

Ana lysis of a ri n^ co ntaining a p in jo int,— A pin 
Joint in a ring simply permits enough angular rotation at 
the pin joint to relieve completely the bending that 
would exist there if the rxng were continuous^ Therefore 
a ring with one pin joint may be readily analyzed in two 
steps t 

(1) 3*ind the results which would exist if the ring 
were continuous instead of pin jointed 

(2) Superimpose the results for a "rotation loading" 
applied at the pin joint where the amo\;nt of rotation is 
determined so as to require ^end" couples exactly eq.ual 
and opposite to the bonding moment found at the pin— ;}oint 
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looatioa in step (l). Examination of the formula ifor 
"bending moment due to rotation loading, as giy^sn in fig-- 
ure 35 , 




indicates that the required rotation to each sido of the 
joint \fould "be 

5^ (Moment as found in step (l)) 
5 jj> w — ^p-^ — , — , — _ , 

(OjQg^ at 6 = 0 for proper value of d) 



(iTote that when this expression for 64> is inserted 
in the formulas for "bending moment ^ axial load, tranavorso 
shear, and shear flovr» the SI-«term cancels out « ) 

Analysis ^qf^free ring g,-^ The term "free ring" is used 
to indicate any circular ring for vhich the complete load- 
ing system is independent of the relative flexibility of 
the ring* The "complete loading system*^ includes "both the 
applied and the >^p^es ist ing forces. 

Primarily this report has "been concerned with flcxi— 
TDle rings externally loaded and supported "by shell struc- 
ture # It has already been shown that the supporting 
portion of the co*mplete loading system on such a ring is 
dependent upon the stiffness of the ring relative to the 
shell structure* Ihereforo any shell-^suppor tod ring other 
than an infinitely rigi^ o^q is not clashed as a" freo 
ring I.. 
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However, the analysis of free rings may Tae readily 

acc onplishod through tho utilization of the d « 0 
results for ordinary sholl-suppor t od rings. 

Consider a free ring in eq.uiliTDr iuia and loaded as 
shown in the accompanying sketch t By supor imposing tho 
shoar— flow patterns as ohtainod for "both loadings, by 
using the d 0 curves^ tho net sh^ar flow is found to 
'oo zoro, Ihis same phenomenon is true regardless of the 
number of applied loadings, their positions, or their 
typo as long as tho complete loading system is in equi- 
librium and remains coplanar. 




IPhorefore, ring bonding moments, axial loads, and 
transvorso shears f of any free ring may he readily ob- 
tained by application of the d » 0 curves. 

However, the problem of. free— ring deflections re— 
q^uiros additional development. For example, consider tho 
d s> 0 curve for radial deflections due to radial loads. 
(See fig. 15.) From the expression for d (see section 
entitled * "Helativo-Stiffness Parameter?*), it is seen that 
in order for d to he aero one of the. two conditions 
must exist* 

(1) 5?he rin^ must he infinitely rigid* 

(2) Ihe thickness of the supporting skin muft he zero 

If the skin thicl^noss hocomes zero it is noted that 
E also becomes zero. Since K is in the denominator of 
tho G:s:prGssion for AR , tho value of AR boconie~s infinit 
Such a value has no significance in free-i-ring analysis* 
therefore, the d » 0 curve in figure IS is of use only 
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In case tho ring is Infinitely rigid (for extfiimplo , a solid 
plate) and would then give pure translation deflections* 

3?hu5 it Ift apparent that the deflections for free 
rings must "be obtained in a manner which "bypasses this 
tendency to hecojae indeterminate* Basically the entire 
mat homat leal analysis is indeterminate for d * 0. Chore-- 
fore all d w 0 values for hending^-moment coefficients , 
and so forth, are o'btained "by using d « 0*010201 which 
approaches d = 0 very closely for all practical purposes* 
She regular calculated deflections consist of (1) pure 
translation deflection of the ring as a whole, and (2) 
the distortion deflection of the ring itself. When d 
hecomos sere, the distortion deflection also hecomes sero* 
When d » 0*010201, some distortion deflection still re-^ 
mains "but is very small relative to the translation deflec- 
tion* 3*or any free ring^ which Is in equillhr ium , the 
total translation deflections are zero arince there is no 
tendency for the ring to shift in space* therefore, Lt isL not 
necessary to evaluate any translation deflections, and the 
distortion deflections become the desired results^ Since 
tho "bending moments in a froo ring may he found c^uito ac- 
curately hy using d » 0*010201 instead of d « 0, tho 
distortion deflections for d » 0^010301 are eatisfactory 
for free— ring deflections* 

Roasonahly accurate values for distortion deflection 
coefficients have "been obtained "by using six to ton sig- 
nificant figures throughout the numerical solution for 
deflection coefficients (when d =* 0.010201) and then 
subtracting the pure translation deflection coefficients 
^hich are obtained by simple geometry^ 

The formulas for actual deflections of free rings 
are the same as the formulas for the deflections of shell— 
supported rings except for the following considerations: 

(l) !I?he value of Z Is obtained as follows: 

d w 

SI 

Then 

Ti » 0.010201 ii- 
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3?he value 0.010301 has ^been comTDined with the distor- 
tion deflections and the resulting values are plotted as 
deflectio*^ coefficients for free rings* (See figs. 18, 
25, 34, and 6*7,) The formulas for the coefficients to "be 
used to find actual deflections ar€^ presented with the 
curves « 



Lockheed Aircraft Corporation, 

Surhank, Calif*, December 16, 1943. 



SITMiiiST OP ASSUi'IPIIOlTS 



Thp assumptions upon which the mathematical deriva— ' 
tion is hased are 

(l) 3^he frame is of constant initial curvature and 
■ constant flexural rigidity 

(3) Xhe supporting skin is of constant thickness and 
continuously attached to the frame 

(3) 3Jhe skin shear flow is proportional to the tangen 

tial deflection of the ring with respect to 
"rigid structure" 

(4) Che frame complies with the assumptions for the 

flexure theory of curved beams with uniform 
rectangular cross sections 

(5) All loading is in the plane of the frame 

(e) The distortion of the frame, under loading, alter 
the skin shear-flow distribution but does not 
alter the geometry of the frame 

(7) Ihe skin shear flow acts along the elastic axis 

of the frame 

(8) The frame undergoes no axial deformations 

(9) The structure is loaded within the elastic limit 
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Solution of Differential Btiuation 
She solution, of the differential equation 

JtlS + 2^15 ^ dam ^ ^ ^ 

dS^ dS^ de® EI 

may "be readily obtained "by writing it in sym"bolic form as 

(D® + 21>* + 3)2 d)m a 0 

and noting that the as.sociated e<iiiation ie of a quadra— 
cuhic form with one pair of real roots and two pairs of 
imaeiJiary roots. 

The roots t as determined algehraically « are 

V ^ ±y 

and 

r » ±^^ ±<j 

where i and Y, 5» and a have the values 'com- 

puted on form 1 and plotted in figure 3 for various values 
of the relative-stiffness parameter d# 

She general solution is then given hy 

o e 
which may "be expressed in terms of real functions as 

m = Oie^ + Ose + 056^ coa cQ + O^e ^ cos crS 

+ Cge^^ sin crfl + O^e^^® sin ere (12) 



(11) 
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where Ci##» Os are arbitrary independent constants » to 
"be determined "by the conditions of cont-inuity and eq.ui— 
librium, 

Bxpressions for Shearing Force and Axial lorce 
Acting on a Ring Section 
3y rewriting equation (3) in the form 

Jl E sin e - Pj^ cos S - sin e cos >lf dff 

+ cos S J" sin ^^ dl*^ 
o 

and noti:ig that the shearing force on a ring cross section 
is given by the e;!cpression in the brackets » it may be con^ 
eluded that 

Similarly, equation (4) yields the expression for 
aq^'ial force 

tho minus sign resulting from a tension force being con- 
sidered positive* 



Expression for Skin Shear Slow q 

3!he expression for the 6kin shear flow q. comee 
from the eq,uation 



^ , - i/'ia + *!^^ (17) 



where q. is expressed in pounds per radian* 
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Sxpressiozis for Component Seflectione 

Che tangential deflection is oTataiaed directly from 
the third assumption* 



Substituting eq^uation (17) yields the alternate form 

41 . _ i (52 + („> 

KE ^de dS / 



Tho radial deflection of a ring cross section is 

given "by 

/^H ^ sin e + Ay cos 8 + f ^ [sin (6 - ^l/)3 dS 

J EI 
o 



vhence 



Su'ostituting equation (9) yields 
trhence 

ic de 

or substituting the derivative of eq.ua t ion (17) gives 

^ X.( ilia + ^f) (19) 
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TixQ rotation of a ring cross section is given by 

■ A4> « de 

J EI 

o 1^ 

Substituting eauation (9) for m yields 



whence 



f 



But -i- Tq + —-^'^ is initial rotation at point A 'with 

HK V^o deV . ^3-;^ 

respect to rigid structtiro; therofore, " " ^ \^ div 

"a'bs olute" rotation in radians or, "by sulDst itut ing ©ana- 
tion (17) in its second derivative, 

a + 2^ + ^) (20) 

HyperTjolic 33r igonometr ic Integrals . 

jT sinh ax sin "bx sin X dx • 

i la cosh ax (a sin "bx sia x + 2Tj cos "bx cos x)_ 



a* - 4h 



+ sinh ax ^(2 - a)"b cos Tax sin x + (2Tj* - a) sin Ix cos x]j- 
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J" sinh ax sin cos x dx 

= ~ — 5 -fa cosh ax (a sin *bx cob x - 21) cos "bx sin x) 

- 41)^ I - 



+ s; 



linh ax ^(2 - a)T3 cos "bx cos x - iZTa^ ^ a) sin "bx sin x^j^ 
sinh ax cos bx sin x dx 

^ -Ta cosh ax (a cos bx sin x - 2b sift bx oos x) 

^ 4b^ ^ 

+ sinh ax |^(2b* - a) cos bx cos x (2 - a)b sin bx sin xj^ 

sinh ax cos bx cos x dx 

=s — fl--^^ 5 1^ cosh ax (a cos bx cos x + 2b sin bx sin x) 

a* - 4b L 

— sinh ax (2b^ a) cos bx sin x + (2 - a)b sin bx cos xj^ 

It should be noted that 
Cl) C6 = a® + b^ + 1 

(2) e^^ may "be substituted for sinh ax and cogh ax . 

(3) sinh ax and cosh ax may be used interchangeably 

in those formulas as long as vork is consistent 

sinh ax sin bx dx » Ca cosh ax sin bx — b sinh ax cos bx) 

a + h 

sinh ax cos bx dx « — — i^^-*-(a cosh ax cos bx + Tj sinh ax sin bx) 

a® + b'^ 



/ 



* • a cosh ax 
sinh ax d5c a» 

a 
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Diseuss^ion of Computation^ ?orms 



The oomputfiit ion forms used in order to o'btain data 
for plotting tljie ourTes contained in this report, are 
listed as follows: 

For m 1: Solution of Auxiliary Eq^uation 

r qr ia j3; HyperT?olic and Natural Functions of 6 for 
a Given Value of d 



Eraluation of Integrals for a G-iven Value of <t> 



Final Constants for lype of A^pplied Loading 

Final Coefficients for SJype of Applied Loading 

2?he primary function of forja 1 is, as the title indi- 
cates, to evaluate the au:siliary eq,uation which is associ- 
ated with the symbolic form used for solving the general 
differential eq.uation (ll), The relation "between the 
various stiff nesses d and the damping and frequency pa— 
rameteVs' are ©"btained on this form. In fact, the plot" o£ 
the damping and freqtuency parameters against d (see fig. 
3) Is hased upon the results from this form. 

Form 2 serves to evaluate the various hyperbolic andT 
natural trigonometric functions of 6 which are needed 
fn the conditional equations of continuity and equilibrium, 
(See equations (21) and (82) •) Since the damping and fre- 
quency parameters Y, and ff depend upon the relative- 
stiffness parameter d, a separate form 2 must be used for 
each value of d. 



Formes I 
Fo2.a_4: 



Form 3 is used to evaluate the integrals which are in- 
volved in the conditional equations of continui-j^y and equi- 
librium^ Ihe angle <t , referred to on the form, is spe- 
cifically intended to cover the case of partial rings as 
well as »the complete rings with which this paper deals* 
For a complete ring, <|> is 180*^- and remains at that value 
as far as this report is concerned. Ihe qtata for form 3 
are obtained from the form 2 for each value of d being 
considered* 



Form 4 is used to obtain, from the conditional equa- 
tions of continuity and equilibrium, the coefficients of 
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the hyperTjolic functions which are used in the equations 
for the -final load coefficients. Torm 4 differ? slightly 
for each type of loading that is applied and is so desig- 
nated "by su'bscripts TT, R» and so forth, 

Porm 5 is used to determine the final nondimensi onal 
load coefficients which are plotted against S for each 
value of dt thus yielding the curves in figures 11 to 
SI, 



1* Vise, Joseph A»i Analysis Qt Circular Brings for 

Honocoque fuselages* Jour* Aero* Sci,, vol* 6, 
no. 11» Sept* 1939 » pp, 460-.463* 
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Form 1 



Model , adtfferal 
Report 4^;^ 



SOLUTION or JUniLIjOlY SYUBOLIO SQdiTIOS 



..a 



® 



.6 



a 



® 



TAH 0 



D ® 



l+.5(3> 



.1 

a.o 

1.7364 
1.35 
^1.992 
3.46 
a. 5 
3.0 
«3.053 
.8.3 . 
3.4 "* 
*3.453 

3.8 
♦3.685 
— 3.8 
'3.900 

4.0 
♦4.060 

4.3 
_4.4 
4.6" 
4.8 
5.0 
5.367 



560(ri33 



.01 
4.0000 
3.0151 
1.5635 
3.96B1 
"6.0^16" 
6.3500 

9.0000 
9.3147 
10.3400 
11. 
11.9163 
13.9600 
13.5793 
14.4400 

is.aioiy 

16.0000 
16.4800 
17.6400 
19.3600 
81.1600 
33.0400 
35.0000 
38.8047 
45.76^ 



.0001 
16.0000 
9.09074 

3.4416 
_15.7455_ 
36.63186 
39.0635 
81.0000 

104.8576 
.6836*' 



167.9616 

.308.5136__ 

356.0000 

311.1696 

374.8096 

447.7456" 

530.8416 

635.0000 

839.7107 

8094.4585 



.000001 

64.0000 

37.4095 

3.81493 

63.4798 

'881.68bi 

344.141 

739.000 

1073.74 
1544.80' 

3176.78 

3010.94. 

4096.00 

5489.03 

7356.31 

'9474.30* 

13330.6 

15635.0 

33899.6 

958S3.1 



1.005 

3.0000 

3.50755 

I. 78135 
8.9Q405 
'4.0868jr 
4.1350 
5.5000 
5.6574 
6.1300_ 
6.7800 
6.9583 
7.4800 
7.7896 
8.3300_ 
8.6050 
9.0000 
9.3400 
9.8800 
10.6800 

II. 5800' 
13.5300 
13 ..5000 
15.4034 
83.8886 



9760g 1,99401^ J 



I. 0075 
4.0000 
3«86138 
3.17188 
3. 

5.5887^ 
6.6875 
7.7500 
7.9860 
8.6800 
9.6700' 
9.9373 
10.7300 

II. 1844 
11.8300 
13.4075 
13.0000 
18.3600 
14.3300 
15.5300 
16.8700 
18.3800 
19.7500 
33.6036 
86.3339 



1.003743 
3.0000 
1.80591 
1,47373 
_, 99401 
8.36344 
3.8848 
3.7839 
3.8360 
8.9463 
3.1097 
3.1534 
3.3741 
3.3443 
3.4395 
3.5334 
3.6056 
3.6558 
8.7733 
3.9395 
4.1073 
4.3755 
4.4441 
4.7543 
6.^434 



.1003743 
4.0000 
8.13678 

I. 84816 
,3.97a07_U 
5.78946 
5.9618 
8.3517 
8.6350 
9.4376 
10.5730' 
10.8831 

II. 7868 
18.3837 
13.0701 
13.7374 
14.4334 
14.8401 
15.8437 
17.3338 
18.8936 
30.5334 
33.3305 
85.5163 
40.3071 



.0998749 
1.33333 
1.88054 
1.03419 

.33U0_ 
1.4380? 
l,4468e( , 
1. 51849 ; 
1.63455 
1.54049_ 
1.56944 
1.56393 
1.57578 
1.58807 
1.59004_ 
1.59644 
1.60349 
1.60607 
1.61341 
1.63301_ 
l.€ai57 
1.689U 
1.64596 
1.65664 
1.68868 



5.703494, 
53?7«;46" 
i5iq31»i0T< 
:45057^9j< 
_53<»5»0«^ 

:55n9*ia'' ; , 

,56''8r»59» I 
fi6044«15M 
67°0»39«_i 
57''19«44 
S7084»l» 
«70a6»4*, 
67*'48'15f 
.67060^8!, Sf 
57f56«14l 
68^' 5" 
5825«31^^ 
582ia»3.3« 

'IP.8|W 
j3304a^i9il 
:58068'7«i 
SQt>17*84> 



Do not follow operations but wore re«d from curra of other valtiea. 



Form 1 (cont'd) 



® 



0/2 



Bin d/S 



0O8 0/2 



a 40 



@ 



® 



.5 (10 



2.851747 

23° 58" 54" 

26032 « 30* 

27036»36" 

37039«36" 

38**X9» 

2B033>8" 

38030' 20» 

38039* 52 H 

88^42' 6 « 

28^48 '2» 

38^51 'S" 

38<»55«1»_ 

38058«7" 
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10«47ai8X3J04 
17.811161X104 

go,awBaxio4 



-e.OAflU 

•*7. 78660 
■6.87133. 
•('.97506 
7.87063 




'^-.064Ur" 
-.47790 



-.070786X10* 
-.198451)004 
_-,aB667X104 

-.646083X107 
^,990168X104 




roxn 9 (oontid) 



GOVFIOISnS OF B0tnn)4BT 
COroiTIOH EqPATIOHS rOB ^ ■ 180^ 



Fafi6 A;U I 
Vodel GeaeroX » 
Hoport 4888 B 



® 



® 



® 



.(5> 



® 




eoa 6 de 



eoe rfO oDBOdO 



.tab po 
ala do ooft 0 dO 



1* 



CS8)(6) 



liooo 

1000 
lOOO 
4000 
6000 
BOOO 



-.215868x104 
^.6B3053}a04 
-1.34713X10 4 
'-a. 51953X10 "4" 
-4.03006V104 
-10.88669x10 4 



88.3919? 

44.18318 
* 47.45808" 

36.43946 
-40.58605 



-19.77719 
-16.41858 
3.26948 
34.51308" 
82.64399 
108.59416 



-.D7039Xl0rS 
.66816X10-1 
.89639X10-: 
l.OGOlfixlO^S 
1.MC04X10-S 
-1.41840X10-^ 



-U. 48161 
-44,67606 
-53.71394 
"-63.30137" 
'70.96103 
-89.60776 



31.46046 
44,58707 
53.73443 
~63. 31900 
70.96343 
89.58400 



® 



® 



(s) 



C0£ITIQl£aT3 OF fOR AITISmaTRIOAL lOiDIHa OiSES 



HQHIS. EQUILIBRIUX EqjVAIIQS 



FOT 



For Ig 



For r- 



For 



for 



For I, 



mnoAL DisniAOiiiaT nyiA. 



For X, 



For Kg 




+(44) (42) 



-f7)t3) 



.®(53),(g)(67) 



(7)(54)+(44)(e8; 
-(45)@ 



1000 
8000 
3000 
4000' 
5000 
3000 



6. 79544X104 
30.54431x10 < 
72.57335x104 
lS9.3ai53X10T- 
385.35690)a04 
976.37884x104 



+81.05609 
1365.71183 
3573.18561 
3998.91965' 
8584.93866 
-3633.53X37 



^B. 61731 
-731.68337 
175.36377 
'3181.71577 " 
4445.91346 
9552.839131 



-,73965x104 
-2. 66317X10* 
-5.33893X104 
'-10.47283X10*" 
-17.31314x10* 
-50.37577X104 



■f51. 59043 
100.53679 
_ 76.83538 
-15.90051^ 
-137.75907 
^93.94470 



-31.40532 
62.06114 

144.05141 
'338.35914' 

359.97938 
94.19648 



-.0707a85a04 
-.198451X104 
-.36657x104 



-6.31986 
-.81266 
. 46.33233 
- , 646033^0*1 18, 31037" 
17.33091 
16.24158 



-.990163x104 
^.474346X104 



-3.10931 
-9.13406 
-9.78384 

"-6. 16041 
-.34410 

+19.36483 



(a) 



(S) 



00EFnCiaiT8 OF K«B FOR STMHXTRIOAL LOAOIVa CASES 



YSRTIOAL KQPILIBRIUU XQUATIOl 



FOX 



For 



For I- 



ROTlTIOl WATIOH 



ror 



For 



For I. 



For X, 



For E . 



For Xv 




.(45) (59) 



+C44)C69 



-®+® 



1000 
3000 
SOOO 
4000 
5000 
EQQO. 



2.33635x10 4 
8.84835x10 * 
19.64004X10 4 
"40.84160x16 4- 
70,38616x10 4 
331,65303X10 4 



-167,46421 
-9.41949 
340.19574 
^834.93001" 
1339.88368 
640^3 



%tte algtbralG si^ ior'^Ee'^Tftiue^ol A 
ttao flgurai are conslderwl aiitflolflntly wicurate 



to 



-97.87919 
-406.71607 
-682.34128 

-389.80633 
-34.18458 

tiTW.ggTBi, 

DO reftftrifld. 
•UBinats the 



.33904x10* 
,74364x104 

1.44631X104 
"a. 68517x10 «■ 

4.38394X104 



■)-.96949 
-36.13668 
-42.7S354 
■-47.70700" 
-38.38010 



necualty of rerlaioiL. 



nai reauSii'^o^oniy acilot 



+18.77962 
17.58610 
-.57779 
-30.90042* 
-58.98193 
105,54388 



A tbe 4t: 



-,45490*10* 
-1.43759x104 
-3.79343X104 
~-5. 30460x10 
-8.38389X104 



-,30081 
+54.53859 
_86. 93672 
95 
74.81956 

715 



1630^" "^65 



-36.55678 
-34.00462 
3.83737 
4186CI 
131.63792 
818.13798 



loaiit riguraT^ Themora 



Form 4V 
Ref. code* 



(cd) 



Form 



FINAL aONSTAKTS FOR UNIT 
VERTICAL LOAD 



Page Asl2 
Uodel General 
Rept . 4883 









® 


® 


0 








VALUi! OF DETERUINAHTS 








K3' 


D 


d 




(66)3(70)3 


-®z®z 




©®3+®®3 




1000 
2000 
3000 
4000 

gooo 

8000 




-31.74258 
-70.17941 
-113.82245 
-180.05685 
-355. 08968 

-543.79831 


+.673764X10* 
+.14405X10* 
-3.93587X10* 
-14.81658X10* 
-30.00843X10* 

.71.37588X10^ 


+.369259X10* 

3.17728X10* 

6.30977X10* 

7.22874X10* 

1.08575X10* 

-88,70245X10* 


-319.65057X10* 
-1914.57969X10* 
-6869.66226X10* 
-32537.92235X10* 
-54860.356X10* 

-367931.49941X10* 





Ton 4T (cont'd) 





® (D ® © (D ® 




Hornn ooEstiiTS 


TIUK8. SBXiR O0IBTABT8 




Kl 








KsP+SbO" 




A 


.5® 

0 


.5(3) 
0 


.5 (D 

0 


+@40 


03® 
V080 


-080 
♦®30 


1000 

aooo 

30OO, 
5000 

aooo 


.783570x10-5 

.183376X10-6 

.0B8a443«10r6 

,0399453X10-5 

.0838490X10-8 

.0073901X10-5 


^15; 3373X10-4 

-.376198X10-4 
^8.86468X10-* 
"^+3.88703X10-4- 
8.7349e»fl0-* 

+.969987x10-* 


-8.40560«10r* 
-8.39759x10-4 
-4.59a49xl0r4 
■"-1. 60368x10-4 — 
-.0889558X10-* 

+1.13391x10-4 


8.80538X10-5, 
.688669X10-5 
.306381X10-5 
.155787x10-5 
.0943909X10-5 

.0335184X10-5 


-47.1588x10"* 
-86.80381X10-4 
-10.07911X10-4^ 
. +.761548X10-* 
5. 19083X10-* 

6. 56318X10-* 


30.5160x10-* ■ 
-13.13588X10-4 
-18.04115X10-* 
■"-14.^0410X10-* 
-10.19783X10-* 

-1.3401SX10-* 




® 


® 


® 




® 


® 




iXIiL LOiD C0I8IAIT8 


8B£«R 


nov cotSTAirs 










-®p+(D<r 








d 




-03® 
-03® 


-03® 
+030 


®3® 

-0 


(2)3® 
♦08<13)-0 


03® 
-08®-® 


1000 

aooo 

3000 
4000" 
5000 

8000 


-6.73051StlO-5 
-3.18397x10-5 
-1.13498X10-5 
""-.607569x10-6 ' 
-.383837x10-5 

-.143073X10-5 


-14.3739X10-*^ 
+87.66681X10^ 
78.90037X10-4 

~ 60.30388X10-4~ 
36.734S1X10-* 

-9.18U4XlOr* 


-179.828X10* 
-61,81150X10-* 
-.463736x10-4 
"f31.35517Xl0-4"~ 
39.67103x10-* 

. 88.8S318ia0-* 


-33.74680X10-6 
-8.17173X10-5 
-4.45076X10-5 

"■-8.5«*531X10-6- 
-1.65089X10-5 

r.66a033>ClO*^ 


-488.845X10-* 

-16.71363x10-* 
+153.90336X10-4 
'807.76186X10-4- 
194,07834X10-* 

86.93440X10** 


-364.6111*10-*^ 
-369.B7655X10-* 
-346.6661x10-4^ 
"101.31986x10-4 

-6.98681X10-* 
-100.69731X10-* [ 



44 



rorm 4H FINAL 0OHSTAHT8 FOR UHIT 

Ref. code 

(cd)porm HORIZONTAL LOAD 
4> » 1800 







© 




'® 


® 












VALUE OF DETSRUINANTS 










Kl» 


^2* 




D 










(S)3@)3 




(55)3(59)3 


©■(52)3+® (53) 


3 


d 






-(57)3(59)3 


-(55)3(60)3 


-@)3@)3 


+©(54)3 ' 




1000 

sooo 

3000 




•337.46166 
-906.14010 

-1659-. 20185 


-.0473996x10^ 
-33.71810x104 
-104.47747x104 


7.53016x104 
20.49478x104 
-5.65955x104 


-8914.652x10 
-85350-69x104 
-369018.87x10* 


4 


' 4000 
5000 




-2917.43403 
-P4458.3753 


■-211.97^94x104 
-263.37901x104 


-148.61427x104 
-436,43907X104 


"^14246)^.97X104 
-3893388.6x104 




8000 




-11075.67940 


+742.45377x104 


-3037.84651x104 


-32965537.10x104 






® 




® 


(D 


® 


(15) 




UOUm CONSTANTS 


TRANS. 


SHEiK CONSTANTS 






Kl 


Kg 






13^3^ 


-igcr+rgP 


d 


>5^ 


.5^ 


.5® 
® 


. +(5)3® 


®5® 
+®-3® 


-®3® 
+®3® 


1000 

aooo 

3000 
"4000 
5000 


2.36788x10-^ ^ 
.5308335xl0-| 
.3348186x10-? 

" .1033930x10-6" 
.0578544x10-6 


+.0343748x10-4 
+1.975268x10-4 
1.415611x10-4 
,743970x10-4' 
' . 338339x10-4 


-5.44508x10-4 
-1.200622x10-4 
+.076684x10-4 
.521590x10-4" 
.560487x10-4 


.728677x10-5 

.183244x10-5^ 

.0888434x10-5 

.0399333x10-5 

.0832453x10-5 


-15.33649x10-4 
37505x10-4 
3.86469x10-4 
3.38778X10-4 ■ 
3.75531x10-4 


-8,40605x10-4 
-^.29833x10-4 
-4.59351x10-4 
*1. 60316x10-4 ^ 
-.0984749x10-4 


8000 


.0167989x10-6 


-.1136104x10-4 


. 309088x10-4 


.00739152x10-^ 


5 .970065^10-4 


1.3 3368x10-4 




(ii) 


(12) 




(5) 


(S) 


(16) 




■ AXIAL LOAD CONSTANTS 


SHEAR FLOV CONSTANTS 




-K178 


-(9)p-(io)<r 


-(io)p+(9)cr 










-(g)3® 








®3(i5) 


.®3(H) 


d 


-®3Ci2) 


+®3® 


-® 


+03®-® 


-®3(i2)-(iS) 


1000 
8000 
3000 
"4000" 
5000 


-3 


.30561x10-5^ 

.633558x10-5 

.305378x10-®- 

.155740x10-5^ 

.0943759x10-^ 


47.15746x10-4 
26.80364x10-4 
10.07916x10-4 
■ - . 76484x10-4 
> *5. 19255x10-4 


-30.51046x10-4 
13.14074x10-4 
18.04122x10-4 

" 14.70573x10-4 ~ 
10.18710x10-4 


-7,45417x10-5 
-2.36683x10-^5 
-1.30779x10-5 
~ -.64732x10-5" 
-.406411x10-5 


1. 07521X10-* - 
88.05775x10-4 
76.03600x10-4 
~ 47. 014 33x10-4- - 
23.99431x10-4 


-171.41989x10-* 
-53.50584x10-4 
4, 13875x10-*- 
32.97308x10-* 
39.77736X10-* 


8000 




.0335227x10-^ 


> -6.56143x10-4 


1.34994x10-4 


-.15049x10-5 


-10.06644x10-4 


37,69888x10-* 



Page A: 13 
ICodel Oenerml 
Rept 4323 



AaOA TX lo. 929 



46 



Form 4M FINAL C0HSTAHT8 FOR UNIT 

Ref. oode Page At 14 

, ^ , UOU£NT LOAD PER INCH RADIUS Model Geaer&l 

(odJfQfgi f ■ 180^ Rapt. 4222 











® 


0 








VALUE OF DETERMINANTS 








Kl' 


13* 




D 








-(55)3(60)3 




-(11)3(59)3 


(l)(55)3+(2)(66)2 




d 




4.(g)3(|9)3 


+(53)3(60)3 


+(5?)3(g)3 


+(3)(57)3 




1000 
200Q 
3000 




+3377.39 
+11704.0 
84186.6 


-651649.3 
-4338932.3 
-6396163.8 


346581.4 
> -3446855. 7 
-13258568.4 


-69146. 5k103 
-853506x103 
-3690189x103 




"4000 
5000 




47295.8 
77941.3 


+4382174.0 
43039877 


-40415660.4 
-75050054 


-14246268x103 
-38933885x103 




8000 




225505.4 


425205992 . 3 


-68496868.5 


-329655286xlo3 






CD 


© 


0 


• CD 


® 






MOUEKT C0H8TAHT8 


TRANS. SHEAR CONSTANTS 






la 






KgP+£30' 


-r2<j+i3P 


d 


■ 0 


© 


0 




®3® 
+®3® 


-®3® 
+®3® 


1000 
2000 
3000 
"4000" 
5000 


-.344220x10-* 
-6.856435x10-6 
-3.377149x10-6 
-1.659938x10-6 
-1.000943x10-6 


+.471209x10-3 
3.483247x10-3 
.866644x10-3 
-.150291x10-3 
-.552730x10-3 


-.250614x10-3 
1.433414x10-3 
1.796462x10-3 
1.418466x10-3 
.963814x10-3 


-.745359x10-* 
-23.668380x10-6 
-12.076894x10-6 
473758x10-6 
-4.06383x10-6 


.0108298x10-3 
8.804205x10-3 
7.604160x10-3 
^4.708770x10-3^ 
2.40070x10-3 


-1.71407x10-3 
-5.353133x10-3 

+.411934x10-3 
"3.395334x10-3- 

3.97677x10-3 


8000 


-.343033x10-6 


-.644935x10-3 


.103892x10-3 


-1.504941x10-6 


-1.009501x10-3 


3.769567x10-3 






CiS) 


(13) 




(15) 


(16) 




AXIAL LOAD C0I8TANT8 


SHEAR FLOW OOHSTAVTB 








-(K)pf®<r 








d 








©a© 
-® 


®3(i3) 
+®3(i3)-® 


©3® 
-®3C§)-(S) 


1000 
2000 
3000 
"4000" 
6000 


3.37484x10**^ 
81.703348x10-6 
44.501143x10-6 
"25.847656x10^6 
16.49916x10-6 


4.83744x10-3^ 
+1.676983x10-3 
-15.388139x10-3 
-30.776568x10-3 
-19.40858x10-3 


8.64688x10-3^ 
36.990343xlOr3 
34.669341x10-3 
10.137356x10-3 
.701715x10-3 


7.68817x10-* 
3.057080x10-* 
1.760630x10-4 
1.049396x10-*" 
71.05038x10-6 


14.834a3«ie-3_ 
. 11.068383*10-3 

V 4. 653747x10-3 
T,951367a<l0-3 
-39.83623x10-3 


-7.89005x10-3^ 
6.391360x10-3 
9.649937x10-3 
8.964739x10-3 

68.38585x10-3 


8000 


6.681740x10-6 


-^,691198x10-3 


-10.070481x10-3 


.306406x10-* 


•5.778883x10-3. 


.931867x10-3 , 




Ton 4A 



nStt> SEPLfOnOI QOISTins 



Page.. ijlQ 
Modal eaa 
Report 4Sai 



I 



BUHA&vDirVEOTIOI COiSTinB 



BOTinOIAL DDLIOTIOK COHSTiVTB 



-®a®-@ 



> 
o 



10 
46 
97 
300 
""1000 
3000 
4000 
8000 
S5000 
100000 



.0X0201 
.86 
.61 
,94 
.98 



. •00153536 

.01734449 

.00894584 

.00588730 

,00841888 
".694B8axl0-f' 

,883088X10-^ 

.984871x10-4 
+.891395X10-^ 
3.50679 HlO^ 

,616501x10-7 



,31645888 
.05814348 
84857180 
-.30018183 
_ ,11939904, 
148.4813X10'^ 
119.4699X10-^ ^ 
-.483871X10-* 
.0588003 
.0166083 
-.00604980 



356 

.31687154 
.30186171 
.08346037 
-.31863955, 
:96;07341l0*t'' 
58,5786X10-3^ 
9.39311X10-* 

.0130987 . 
-.0164744 
4.000939436 



.015506 
.03555630 
.03068411 
.01453333 
.00691481 ^ 

':..334636X10;:2 
.105549<10-^ 
. 409353X10-8 

+.134790X1P'<> 
13.9810x10-6^ 

4.86176x10-7 



.031573 
.33473188 
•00418771 
-.323bl59 
-.6093857 
•333669X10^ 
39 •8497^10=^ 
.8971118 
-90.385338X10-3 
0896494 
-.0119831 



-.0083088 

.83355861 

.55599864 

.50487138 

_ -.06590499; 

-55.9697X10-V 
-23.8485X10-2 

.308354 

348.83059X10^ 

-.121977 

■0336168 



•3 

o 



8, 



.010301 
10.36 
48.61 
97.94 
300.98 
~1000 
3000 
4000 
8000 
36000 
100000 



.01535867 

.0138768 

.00516167 

.00893649 

.000980605 . 

.887501x10-5" 
.081703x10-3 

.853455X10-^ 
.663156X1&-5 
.467018X10-° 
.911893x10-8 



.00730934 
-.16770786 
-.14454387 
'.06918363 
.06813880. 
"48.8798X10^"' 
1.66687K10--3 
-80.78091x10-3 
-.869408x10-8 

.00413894 , 
-.484681x10-3 



.31490873 
.11067848 
-.06815617 
-.11595064 
.07798884 
'36.463SX10-S' 
86.9909X10-3 
10.1887x10-3 ^ 
-1.006767X10-8 
.00116534 , 
-.578806X10-3 



.15606300 
.0884453 
.01191833 
.00789630 
.00381091 

~. 768875X10- 
.305707X10-3 

1.049306X10-^ 
.306398X10^4 

8.59350X10-2 
6.89960X10-6 



.00385686 
-,04635159 
-.84917648 
-.86744898 
_ -..0843836 
148.3496X10-3 
110.66S6X10-8 
-9.5509X10-3^ 
.677.84953x10-4 
.0167899 
—00501198 



.03186334 
.34678888 
.183106U 
-.0285443 

-.3148500 

-78.9133X10-3 
63.9448X10-3 
89.6440x10-3^ 
98.36979x10-4 
-.0167117 , 
■B36668xl0r3 



.010801 
10.36 
48.61 
97,94 

300. 93_ 

1000 
3000 
4000 
8000 
35000 
100000 



-.01550630 

-.03555666 

-.0306840 

-.01453369 

-.00691506 

-.334643X10-3" 

-.106530x10-3^ 

-.0409364X10^8 

-.134819x10-3 
-.139809X10-4 
-.486U7KlO-« 



-.03157834 
-.33473905 
-.00418930 
.33333819 
.609871a 



-.15661360 
-.07389116 
-.0478377 
-.03634764 

. 0198830 ^ 

- . 339754xl0-3j~53 .961750XlO-aT-: 793013X10-2 

-.394860X10-3 
-.170107X10*3 

-.633844X10^ 
-.773073X10?*' 
-.0386150 -8.94567(10-« 



.39.349375x10-3 
-39.718643x10-3 
9.04198x10-3 
.0396512 
.0119803 



.00330833 
-.,38256404 
-.5559954 
-.60466014 

.06693768 



33.856319X10-3 
-30.831968X10^3 
-34.81890X10-3 
.131680 
-.0386150 



-.00311865 
-.49084844 
-.7585877 
-.4178868 

.9888337 

137.14331X10-3. 

-3.617831(10-3 
-130,37018X10-3 
.73l.lS2&ltl0r3 

.643708 
. ..-.148809 



.000548446 
.10741177 
-.6978607 
-1.1190107 
_-1.13799168 
91.19583x10-3 
158.49839U0-3 
55.08198X10-3 
-9U.SaB48X10-3 
.203086 
-.188360 



KAOA liT So, 929 - 47 
' (Sym.) 

yprm 5 FIHiJi OOIDPFICIlEEffiS Jm OTIS Page A:i6 



. *Eef, Code: TTSBIIOAL lOAD Model Generad 





d 3 1000 
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0 
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-.0397 
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.55 
• 6o 
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'70 
75 
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^.ooUg 
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,1667 


SO 
S5 
90 

95 
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-..0265 
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13c 

135 
lUO 

1H5 
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+.0507 
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« - 




Pa tf ^P 


Pt = OtP 





nr ITo, 939 

gorm 5 
Kef. Code: 



HORIZONS LOAD 
d s 1000 <t> a 180 



48 

Page A: 17 
Hodel G-eneral 
Report U222 





(1) 


(2) 
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Homent coeff, 
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Shear coeff. 
Ott* 


Axial load ooeff • 


^hear flow coeff* 




(5)4 (l5>8+(6)4 
+(7)4(17)8 
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+(10)4 (20)8 
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-.0223 
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165 
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ISO 
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-1.O876 
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d - 1000 



^ « 180< 



® 



® 



® 



® 



HadiaX deflect . 
ooeff . , 0^^^* 



Rotation deflect, 
ooeff., 0^^^» 



Axial load coeff . 



81iear.;riov coeff 



0 



®4®S 



®4®2 
^®4®2 
^®4®2 



®4®; 
®4®, 

®4®; 



(17)4 - .694888(10-3) 
(Ji)^ - -96.0784(10-3) 
(g)^ « .333569(10-2) 



Pt - CtP 



®4®a 
'+®4®l 

+®4®L 




■ 148.4618(10-3) 
(80)^ » .334686(10 -2) 
- -53.9697(10-3) 



{Use Ki* for Ii, etc., for ant isymmBtry* numerical subscript refers to 
term; for example » 1 WHy refer to values under either einh 76 or cosh Yfi 
while 3 refers to values under eitber elnh 30 cob crfi or cosh P9 cos ad^] 



1 

1 

Cooffi*-^ 
clcmt of 


no J 


STilllETaiOA-L I.Q&.DI1I0 - COliSPSiaiBHT p? ' . 


sinh Y6 


sinh p9 cos a6 


coali Bin ae 

— . -I » 


cosh Y6 


oosh PQ 00s cr6 


sinh pa siu a9 
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Shearing 
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Shear 
flow 
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gential ■ 
tion 




\^ 
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tion 
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[rota-* 
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cosh cos 06 


sinh PO Bia o0 


sixth Y6 


slnh PO cos crO 


cosh PO Bin ad 

II ■■111 i 
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NACA Teohnlcal Note No. 939 



Pig. 1 



y 




Notest 

Relative stiffness is measiixed by parametex "d"^ d « 0 re- 
presents a relatively rigid ring and d « 100 represents a 
somewhat flexible ring. Deflection soale magnified. Dash 
lines indicate deflected positions. 



Figure 1.- Oliaraot eristic deflection curves for a rigid ring 
and for a flexible ring. 



NAGA Tecbnloal Note No. 929 



Figs. S,4 




Figure 4. 
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¥AOA TeohQical Hote Ho. 929 ^ //v S>£<^/z^J^ . ' . TigB. 23,24_ 

^ JBO ^ *40 6<£3- SO -5t? <^ '/za /sc^ Jfe? ABa 

P*I«- — — ■ 




VAC A ^Teobnio«l Vote Ho. 929 

O /O ^ *30 40 



SO- TO SO SO ^00 ./SO /SO 



.0/ 



.03 



T — I — i — I — i — \ — I 1 r 

AA/ AP/='L /BO r'AA/(9£A/77A^ LQAO 



rigs. <j5,36 

/SO /60 /70 /so 




'w/yare p/us fr><//cc//^s 



W/7er^ p/ci^ /ncf/ccr^s 



/o SO 



3C 



4fO SO €0 



70 SO 30 /OO /AO 
& /N D£GR££S 



/SO A30 MfO /SO J60 /TO /8C 



HACA Tecntiloal Note Ho.* 939 ^/x/ l*ig«. 87,28 

O ZO JK> ^ u«3 cSfe:? yOe» ✓-ffSfi? /i*^ 

H-Af^f h"^' 




SO JO ^ 



VACA Technloal Note Ko^ 939 s £?jc<9^jca^ :. :flgS' 29,30 

/(7 ZU ^ yc» /2^? /Ci*& .655:? Afc> 




NACl Technical Hote Ho. 029 

o JH^ JiO 



^ /A/ £>je)c?M4:jc^ Flg«. 33,34 

St^ AX> /a::^ ASO j&O »e? ASiO 





Where p/u^ /ncficctfes 



£0 >90 ^ ^ €0 eO /OO //a /£C A30 HO /SO i€0 /SO 



RACA Tecbnlcal Hote Ho. 929 

O /O so 33 ^ ^ 
1 1_ 



riga. 3b, 36 

€o -n? ao SO /cx? //o /so xso /^o /so /eo no m 
—I 1 \ 1 f 1 1 1 — 



FOR 



^ = /so ^ 



4-0 



(p/us /ncf/c<Tfes f&rxs/or> on jns/c/e) 





A/Oi^: i^/ng IS ^/ypor/!ec^ /b</ 




/GO /70 /SO 



HAC& Technic^ Note Ho. 929 a /a/ oeofZES-^ Tigs. 3fir,40 
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A \ H 1 1 f 1 1 ! f K 




KACJL Teobnieal tfota Vo. 929 0 /Ay jSi^nf-ass^^ ttan. 41,43 

^ ^ ^ ^ ^ ■ ^ >pg //o ' AXf <y? /ag Aoa 
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to 



1 — I — ^ — FT — I [ 



PIG, HIliG DBFEBCSIOff CaSSPFI0I2HTS ^ 

FOR STMUSSHICmT APPIISD SOTATION, { 
(A **free" ring refers to the case whsre "d" is «ero 
due to zero skin thickness » and where the external 
loadings alone produce eauililiriuni* ) 




TaBfential deflection: 

^^^^ ^ C^T6« ^ "^'''-0 
Hhere plus AT indicates ^ 
clodnrlse deflection* 
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/ ♦S^ (rad) 



I I I I I I I 



Bsidial deflection; 

Where plos indicates _ 
deflection tomard center. 
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Figs. bS,b7 
A30 /SO Aso rx> /ao 




KACA TH Ko. 929 

O JO ao ^ ^ 



eo SO SO 



rigs. 62,63 

/oo jjo /eo J30 /so Aso /TO /eo 





At/£} 

^YMA^£r/?/CALLY A/^/=>U£a U'S^TVCAl. OAS/^^AC^A/SA/T - 

I 1 



I I 1 I 



30 •40 ^ 



€0 



70 so so /oo /AO /so /30 /40 /SO ASO rK> 

e /A/ 




l^l/ZTe/^^ ^ /s fof^r/ s^c^/^ 
Noy^ acting or? r-irt^, crncf 
/s p/us t4//?An c/ocJ<i^/sa. 



c/ocKt^/SA cfis-f/ectfon' r 



A/^O 

rA/^G£ur//i/, /Djr/^/.scT/Q/v cospr/c/£r/^TS- 

^yy/f/^ST/^/CA/.Ly /^/=y3^/ifZ? [/"jT/^T/CAL £>/^/='/,ACSA^S/^T 
f^-fGURE SB ' 



ea 3a ^ 



so eo 7n 



ao so yoo //o /jso /9o yso /eo /?o /30 

^ y/V /^^/z^s's - . _ - 



NACA TH No. 929 

O /O SO 



riga. 64,65 

JO '40 ^ €o -TO so SO /oo //o_ /SO /^o /SO rso rro /so 

RA.O/AL. D£J='L£CT/0/^ Ca£r/^/C/£/^/rS 
/TO/? SY/^/^£r-/?/CALLy AP/='L/si:> 

F/GURE 6^ 




ao so /oo /JO /zo 

O /N OEOR£ES 

Vf/^y/CAl^ z:>AS/=>/.AC£A^£//r' 
r/GUR£ 6S 



AfO /so /60 /TO 




